Introduction
============

Japan established the universal health care system in 1961, and the population achieved relatively sophisticated and egalitarian health care at low medical expenditures.[@b1-dddt-9-1877],[@b2-dddt-9-1877] However, Japan is facing a historical turning point with an increasing fiscal burden as well as a rapidly aging and decreasing population; the population in 2013 was approximately 127 million, and the productive age population (15--64 years old) was 62.1%, whereas the child population (0--14 years old) was a mere 12.9%, and the aged population (65 years old or older) was as high as 25.1%.[@b3-dddt-9-1877] Toward the coming decades, Japan needs to address the unprecedented demographic change: the population in 2050 is estimated to decrease to 97 million with a 38.8% aged population. Reflecting the steadily growing number of the elderly population, the total national health expenditures increased to JPY 39.2 trillion (8.3% of the gross domestic product) in the fiscal year (FY) 2012.[@b4-dddt-9-1877]

The expenditures for pharmaceuticals were JPY 9.3 trillion in FY 2011, and the Japanese pharmaceutical market occupied 11.7% in the global market.[@b5-dddt-9-1877] The expenditures reached JPY 10.2 trillion in FY 2013. Japan has a similar drug regulatory system as in the United States, Europe, and other developed countries. The central government office responsible for drug regulation is the Ministry of Health, Labor, and Welfare (MHLW).[@b6-dddt-9-1877] In collaboration with the MHLW, the regulation is conducted by the Pharmaceuticals and Medical Devices Agency (PMDA).[@b7-dddt-9-1877] However, a benefit-risk assessment in the Japanese pharmaceutical regulation is not always based on the same rational reasoning that exists in Western countries, even though regulatory science receives a lot of attention.[@b8-dddt-9-1877],[@b9-dddt-9-1877]

This review will present a perspective concerning the background for new drug development in Japan in five topic areas: 1) regulatory system for new drug development; 2) health hazards related to pharmaceuticals ("Yakugai" in Japanese); 3) drug lag; 4) problems and controversies in the vaccination policy; and 5) clinical study misconduct. These selected topics will help readers obtain insights regarding the benefit-risk assessment for new and emerging pharmaceuticals with both a historical and a cultural context that is unique to Japan.

Regulatory system for new drug development in Japan
---------------------------------------------------

In the US, the Food and Drug Administration (FDA), which is an agency within the US Department of Health and Human Services, is responsible for new drug development, vaccines, medical devices, and other biological products.[@b10-dddt-9-1877] In Europe, the European Medicines Agency (EMA) plays a similar role as a decentralized agency of the European Union.[@b11-dddt-9-1877] In Japan, the MHLW and the PMDA handle the regulatory affairs concerning new pharmaceuticals and devices.[@b6-dddt-9-1877],[@b7-dddt-9-1877]

The MHLW is the final regulatory authority in the central government. Approvals of new drugs are authorized by the Minister of Health, Labor, and Welfare under the Pharmaceutical Affairs Law (renamed the Pharmaceuticals and Medical Devices Affairs Law in November 2014). In 1961, the Japanese government introduced the universal health care system.[@b1-dddt-9-1877],[@b2-dddt-9-1877] Within this system, pricing of medical costs including all approved drugs is strictly controlled. As a general rule, it is prohibited to simultaneously charge inside and outside the public insurance (so-called mixed medical treatment). This means once a doctor uses an unapproved drug, none of the treatment services can be covered under the public insurance. This seemingly irrational system was upheld in a decision made by the Supreme Court in 2011. Thus, the MHLW possesses a strong power for drug regulation throughout Japan by using strict price control.

On the other hand, the PMDA is an independent administrative agency that performs scientific reviews for the marketing authorization of new drugs, vaccines, and devices. The agency is responsible from the beginning of preliminary nonclinical phases through the late phases including pivotal clinical trials. The PMDA gives advice for drug developments, reviews all scientific data submitted from pharmaceutical companies, publishes review reports for drug approvals, and gives instructions for authorized prescribed information. After the market approvals, the agency continues to monitor safety reports and issue safety alerts when problems emerge. In addition, the PDMA provides relief compensation for sufferers from adverse drug reactions and contaminated biological products.[@b12-dddt-9-1877] Thus, the PMDA focuses on three areas of interest: 1) pharmaceuticals and medical devices review; 2) post-marketing safety; and 3) adverse health effects relief service.

The review method itself seems to be similar among the FDA, the EMA, and the PMDA concerning a benefit-risk assessment of new and emerging treatments. All these authorities review nonclinical data as well as clinical trials under the international regulatory harmonization. However, the PMDA could have a different interpretation even on similar data submitted to the FDA and the EMA, and each regulatory authority sometimes may reach different conclusions.[@b13-dddt-9-1877]--[@b15-dddt-9-1877] Generally, the PMDA requires the submission of data for Japanese subjects even if a drug has already been approved and used in other countries. That is, the regulatory review places a significant importance on Japanese data collection regardless of data accumulation in other countries. As shown in [Figure 1](#f1-dddt-9-1877){ref-type="fig"}, new drugs usually gain their first approval in other countries such as the US and the EU. Responsible pharmaceutical companies may already have approval regarding the drugs' safety and effectiveness through pivotal randomized clinical trials in non-Japanese patients. However, if the clinical trials do not include Japanese patients, the PMDA requires conducting new clinical trials in Japan. After the completion of such domestic trials, the company can submit a new drug application, which usually causes a delayed approval in Japan, notoriously known as the "drug lag."[@b16-dddt-9-1877],[@b17-dddt-9-1877]

The reason for the use of Japanese subjects is to confirm ethnic differences concerning pharmacokinetics, effectiveness, safety problems, and medical backgrounds. It is true that some drugs may have different profiles among patients with different ethnic backgrounds.[@b18-dddt-9-1877],[@b19-dddt-9-1877] Concerns about this approach include: the number of patients from Japan is usually only a few tenths of patients from abroad in a data package submitted for regulatory approval. Such a small Japanese sample size in clinical trials can rarely detect major differences between Japan and other countries before market entry. In addition, patients are usually enrolled into trials just because they live in Japan. Rarely considered are the facts of whether patients have unique genetic backgrounds or other influences such as past, family, and social histories. The requirements for collecting Japanese patients' data might be a customary regulation rather than scientific reasoning. More discussions are needed regarding the propriety to collect and analyze small Japanese samples. Should the "customary" regulation outweigh the need to provide a treatment opportunity with as few delays as possible, especially for patients with life-threatening diseases?

Another unique point is that the review processes in the PMDA generally pose a higher importance on safety issues compared to other countries. In the past, many health hazards related to pharmaceuticals have caused social problems in Japanese society as shown in [Table 1](#t1-dddt-9-1877){ref-type="table"}, and the regulatory authority has been seriously criticized. As a result, the regulatory judgments tend to be more prudential, especially, when safety concerns are raised for new drug applications. For example, erythropoietin is approved for the treatment of anemia for cancer patients in other countries. However, it is not yet approved in Japan because there are concerns about increased incidence of death or tumor progression.[@b20-dddt-9-1877],[@b21-dddt-9-1877]

All countries have their own jurisdiction over their unique health care system that exists within their cultural and historical context, even in the global interconnected 21st century. The characteristic features of the Japanese regulatory system can be summarized in two points: the health hazards related to pharmaceuticals and the drug lag. The details of these two points will be discussed in the following section.

Health hazards related to pharmaceuticals
-----------------------------------------

In the Japanese society, the health hazards related to pharmaceuticals (Yakugai) have repeatedly caused tragedies and social disputes.[@b22-dddt-9-1877] Given the above, there have been major and minor revisions and reforms regarding pharmaceutical regulations in the last 5 decades. [Table 1](#t1-dddt-9-1877){ref-type="table"} chronologically summarizes major events. After having experienced major health hazards and class-action lawsuits, the government has reiterated revisions of the Pharmaceutical Affairs Law and updated the reporting system of adverse drug reactions, as well as reforms for related organizations. They also reformed pharmaceutical regulatory systems, introduced modernized drug review and approval methods, and instituted a drug safety monitoring system. Furthermore, in 1980, the government started the relief system for adverse drug reactions. This system provides financial relief for patients suffering from health hazards related to pharmaceuticals. These operations have been performed in the PMDA since 2004 in collaboration with the MHLW.

Historically, multiple birth defects caused by thalidomide would symbolize serious tragedies brought by health hazards related to pharmaceuticals.[@b23-dddt-9-1877] The drug was introduced in Japan as a sedative in 1958 without a meticulous regulatory review. In 1961, it was withdrawn in the former West German Republic. It was almost an additional 10 months later when the drug was withdrawn in Japan. While in use, it was estimated there were approximately 1,000 birth defects; however, the government officially acknowledged only 309 patients. In the late 1950s, a neurological disease called subacute myelo-optico-neuropathy (SMON) became prevalent throughout Japan. Reports indicate that over 10,000 patients were diagnosed with SMON up until 1970.[@b24-dddt-9-1877] Doctors and the public initially believed the cause to be a viral infection. However, clioquinol, used for intestinal problems, was identified as the true cause of SMON, and the drug was finally withdrawn from the market.

During the early 1980s, tainted blood products from the US caused an infection in Japanese hemophiliacs. They contracted human immunodeficiency virus (HIV).[@b25-dddt-9-1877],[@b26-dddt-9-1877] Nearly 2,000 out of around 5,000 patients were infected with iatrogenic HIV until heated products for virus inactivation became available in 1985. The delay of heated products was severely criticized, and led to criminal lawsuits. Similarly, more than 10,000 people were assumed to have had hepatitis C virus (HCV) infection through tainted blood products. Although the most responsible product fibrinogen was withdrawn in the United States in 1977, the unheated product was sold in Japan until 1987.[@b27-dddt-9-1877],[@b28-dddt-9-1877] These tragedies greatly contributed to the reforms of regulatory and safety monitoring systems, and to the establishment of the PMDA.

In 1989, the Japanese government introduced the measles-mumps-rubella (MMR) vaccine into the routine vaccination program. After nearly 2,000 patients suffered from aseptic meningitis, the policy was abandoned in 1993.[@b29-dddt-9-1877] Initially, the incidence of aseptic meningitis was estimated to be one in several hundred thousands. However, when reported, actual cases were one in several thousands. This event might have increased disbelief against vaccination among the general public, and a prudential attitude about vaccine recommendation in the MHLW. In April 2013, the human papillomavirus (HPV) was introduced into routine vaccination programs. However, just after that, there were a number of cases of an adverse reaction similar to complex regional pain syndrome (CRPS) among young girls.[@b30-dddt-9-1877]--[@b32-dddt-9-1877] Although the causal relationship is still controversial, the government has suspended the recommendation of the vaccination since June 2013.

In 2002, an epidermal growth factor gefitinib (Iressa^®^; AstraZeneca, London, UK) was approved for non-small-cell lung cancer. Japan was the first country in which the new molecularly targeted drug gained approval before going global. This drug possesses a novel anticancer mechanism unlike traditional cytotoxic drugs, and the mass media called it a kind of magic bullet. As a result of its apparent lower adverse reactions, it became popular quickly. However, a severe adverse reaction including interstitial pneumonia led to a class-action lawsuit.[@b33-dddt-9-1877],[@b34-dddt-9-1877] In 2013, the Supreme Court acquitted the company and the government, but this lawsuit resulted in a conservative attitude toward the benefit-risk assessment for new and emerging treatments among the regulatory authority.

Thus, repeated health hazards related to pharmaceuticals have made the Japanese government cautious toward approving new and emerging treatments. In addition, the mass media tend to have extreme coverage for health hazards related to pharmaceuticals. Therefore, to avoid criticisms and lawsuits, the regulatory authority supposedly demands a higher level of safety standard compared to other countries. The higher safety standards would be one of the reasons for the drug lag, that is, most drugs take longer to reach the Japanese market. However, the delay is not always a bad thing. For example, rofecoxib (Vioxx^®^; Merck, Whitehouse Station, New Jersey, USA), a selective cyclooxygenase-2 inhibitor, was approved in 1999 for use in the US. It was estimated to have caused tens of thousands of heart attacks prior to being banned in 2004.[@b35-dddt-9-1877] Because of the drug lag, Japan did not approve the drug at that time and avoided the health hazards. This event supports a report that suggested a longer launch lag of clinical trials in Japan was associated with fewer safety-related regulatory actions after market approval.[@b36-dddt-9-1877]

Drug lag
--------

For more than a decade, the pharmaceutical regulations have received serious criticism over the approval delays in Japan compared to other countries.[@b2-dddt-9-1877],[@b16-dddt-9-1877],[@b17-dddt-9-1877] The drug lag problem has become a major concern not only among pharmaceutical companies and medical professionals, but also among the general public, and has attracted significant attention from the mass media.

For example, in March 2007, a monoclonal antibody eculizumab (Soliris^®^; Alexion Pharmaceuticals, Cheshire, Connecticut, USA) used for a rare disease was approved in the US.[@b37-dddt-9-1877] At the time of the Japanese regulatory review for approval in October 2009, the drug had already been approved in 33 countries. Although several phase III studies had been conducted in other countries,[@b38-dddt-9-1877]--[@b40-dddt-9-1877] Japanese regulation required submission of domestic phase II studies, and the launch delay of clinical trials led to a drug lag. The Japanese approval was in April 2010, with a three-year delay compared to the approval of the drug in the US.[@b41-dddt-9-1877] This is a typical course of a drug lag as shown in [Figure 1](#f1-dddt-9-1877){ref-type="fig"}. Clinical trial delays create launch lags, and application delays to the regulatory authority create application lags. These delays result in Japanese approval delays, which are referred to as a drug lag.

In a previous comprehensive report,[@b17-dddt-9-1877] the researchers analyzed 398 new drugs approved in the US, the EU, and Japan between 1999 and 2007. The difference between approval times based on when drug approval was granted in the US was 2.7 months for the EU and 41.0 months for Japan, revealing a striking drug lag in Japan. There are also several disease-specific analyses concerning this issue. There were 23 standard psychiatric drugs approved in the US and in the UK between 2000 and 2011. On the contrary, there were only 13 psychiatric drugs approved during the same time period in Japan.[@b42-dddt-9-1877] In addition, for the 13 approved drugs, the drug lag in Japan averaged 51 months behind the UK and 87 months behind the US. The drug lag affected other fields as well. Of the 36 standard neurological drugs approved in the US, the researchers revealed a median approval delay of 87 months for only 21 neurological drugs introduced to Japan from 1999 to 2010.[@b43-dddt-9-1877] For 30 oncology drugs, the researchers found a median drug lag of 29.9 months behind the US and 21.3 months behind the EU from 2000 to 2009.[@b44-dddt-9-1877] An investigation of drugs for hematological malignancies between January 2000 and March 2014 found a median of 42.0 months approval delay among 16 drugs approved both in Japan and in the US, and there was no apparent trend of a reduced drug lag during the study period.[@b45-dddt-9-1877]

Several previous reports identified the causative factors related to the drug lag. A report analyzed the time lags in Japan, the US and the EU, and found that the time lag related to the submission of applications was longer for in-licensed products and for non-Japanese companies.[@b16-dddt-9-1877] The authors suggest that to market a drug in Japan, a multinational company would likely choose development strategies with higher success probability, rather than focus on direct costs and expected sales. In the subsequent report, the authors also suggest that the drug lag had advantageous effects on drug development success, and that explains the persistent delays in the development and launch of new drugs in Japan.[@b46-dddt-9-1877] Another recent study between April 2009 and March 2012 points out that drug approvals are delayed when the application packages cannot use data from foreign clinical trials and when they involve pivotal trials of open-label, one-armed design.[@b47-dddt-9-1877]

After growing public criticisms against the drug lag, the MHLW and the PMDA have implemented several countermeasures to reduce the lag. These measures include encouragement to join global clinical trials (GCTs) for pharmaceutical companies, increasing staffing at the PMDA to reduce review times, and maintaining the drug price at a premium to pay for new drug development. In recent years, more GCTs are including Japanese patients especially in pivotal trials.[@b48-dddt-9-1877] The PMDA and the MHLW advocate that the inclusion of GCTs for Japanese drug approval would reduce the drug lag. As for the staffing of the PMDA, published materials report that there was a threefold increase in 2013 from the less than 200 staff numbers of the review and safety section in 2004.[@b49-dddt-9-1877] According to an analysis, the median review period was reduced from 18.3 months in 2004 to 10.1 months by 2013.[@b50-dddt-9-1877] Thus, the reduced review period would have partly contributed to the reduction of the drug lag.[@b51-dddt-9-1877] However, the problem of the drug lag itself still lingers on with an amount of several years because of the launch lag and the submission lag on the whole.[@b52-dddt-9-1877]

Some researchers indicate that the essential cause of a drug lag is the disadvantage of uniform drug pricing under the universal health coverage.[@b53-dddt-9-1877] That is, there is not enough financial incentive for pharmaceutical companies to develop new drugs earlier for the Japanese market. In contrast, the US pharmaceutical companies can set their own drug prices. In Japan, the MHLW and the Central Social Insurance Medical Council determine drug pricing based on the price of similar drugs sold in Japan, cost for manufacturing, and prices in other developed countries.[@b54-dddt-9-1877] Once the price is set, every 2 years thereafter, the government performs a price reduction, and better-sold drugs in the Japanese market tend to receive more of a price reduction ([Figure 2](#f2-dddt-9-1877){ref-type="fig"}).[@b55-dddt-9-1877] As a result, the government sets the price of new drugs at a lower level than that in the US or other countries.[@b56-dddt-9-1877]--[@b58-dddt-9-1877] On the other hand, the market share of off-patent branded drugs is larger than that of generic drugs, even though the former is generally more expensive than the latter and the government tries to increase the use of generic drugs.[@b59-dddt-9-1877] If the Japanese hope to reduce the drug lag, the government needs to reform such an uniformly controlled pricing system, and allow the Japanese pharmaceutical market to become more competitive. The MHLW has started providing an exemption since April 2010, allowing a pharmaceutical company to maintain the on-patent branded drug price at a premium when the company conducts new drug development requested by the government. The influence on the drug lag of this policy remains to be seen.

Problems and controversies in the vaccination policy
----------------------------------------------------

The MHLW has also received a lot of criticism regarding the drug lag concerning vaccines, and the lack of scientific and rational approach for their vaccination policy compared to other developed countries.[@b2-dddt-9-1877],[@b30-dddt-9-1877],[@b60-dddt-9-1877]--[@b65-dddt-9-1877] After World War II, the MHLW policy was to use only domestically manufactured vaccines in Japan, to protect domestic vaccine manufacturers from international competitors, serving as a kind of non-tariff entry barrier. However, the policy brought a significant vaccine lag in the 21st century. Reported in a 2012 study, 20 common vaccines were approved in the UK, and only four vaccines were approved in Japan.[@b66-dddt-9-1877]

The most striking case involves an inactivated polio vaccine (IPV), which had a vaccine lag of 30 years.[@b2-dddt-9-1877],[@b60-dddt-9-1877],[@b61-dddt-9-1877] While Japan had eliminated wild poliovirus in 1981, the government continued to use domestically manufactured, live-attenuated oral polio vaccine until September 2012, instead of using IPV. As a result, more than 80 cases of vaccine-associated paralytic poliomyelitis occurred during that period. Some pediatricians and a local government had begun to import IPV by themselves. Because of growing public criticism, the MHLW reluctantly approved an IPV based on a limited domestic clinical trial in April 2012. The vaccine has been approved in France and globally since 1982. Domestic vaccine manufacturers also succeeded in obtaining the regulatory approvals for other IPVs in July 2012. However, this event raises a fundamental question about the Japanese vaccination policy as to whether the MHLW prioritizes health protection of the people over concerns regarding domestic vaccine manufacturers.

Before the 2013 partial amendment of Japan's Immunization Law, the only vaccines covered by the routine vaccination program were diphtheria, pertussis, polio, measles, rubella, Japanese encephalitis, tetanus, tuberculosis, and influenza only for the elderly.[@b63-dddt-9-1877],[@b64-dddt-9-1877] In addition to the above mentioned vaccines, the coverage now includes vaccines against *Haemophilus influenza* type b, child pneumococcus, HPV (since April 2013), varicella, and adult pneumococcus (since October 2014), and the MHLW plans to cover hepatitis B in 2016. However, the vaccines that protect against hepatitis A, rotavirus, mumps, and influenza are still not included in the routine vaccination program. Obtaining them puts a financial burden on the general public because they need to pay the extra expenses voluntarily by themselves without sufficient compensation for adverse events.

In the past, immunization problems repeatedly caused lawsuits against the government. The MMR vaccine was introduced in 1989 and was withdrawn in 1993 because of unintended side effects.[@b29-dddt-9-1877] As a result, the government faced a class-action lawsuit. The MHLW amended the Immunization Law in 1994 from being obligatory, to being the reasonable efforts of the people, with local governments' obligation to reduce the governments' liability.[@b63-dddt-9-1877] The measles monovalent vaccine and rubella monovalent vaccine were introduced in 1994, and the measles-rubella vaccine was introduced in 2006. Unfortunately, a new MMR vaccine or other combination vaccines are still not introduced. The unclear vaccination policy after 1993 decreased the vaccination rates among some generations. As a result, in 2000 to 2001, there were huge outbreaks of measles with approximately 200,000 to 300,000 cases. In 2008, more than 11,000 cases were reported. In 2012--2013, there were at least 15,000 adult rubella cases mainly in metropolitan areas, and more than 40 cases of the congenital rubella syndrome were reported in 2014.[@b65-dddt-9-1877],[@b67-dddt-9-1877],[@b68-dddt-9-1877] The MHLW has started a vaccine promotion to eliminate rubella by 2020 when the Tokyo Olympic Games will be held. However, an effective provision of vaccination for adults remains as a challenging issue because susceptible adults voluntarily need to seek rubella vaccination at their own expense.

In the future, cervical cancer caused by HPV might follow a similar track as mumps and rubella outbreaks. An HPV vaccine was firstly approved in Japan with more than 2 years' vaccine lag in October 2009, and two HPV vaccines have been incorporated into the routine immunization schedule since April 2013. However, the MHLW has suspended the HPV vaccination promotion since June 2013, because of fears of adverse events, especially CRPS.[@b30-dddt-9-1877]--[@b32-dddt-9-1877] Although the causality is debated, the HPV vaccination promotion is still on hold by the MHLW as of January 2015. The vaccine coverage among girls has reportedly decreased to nearly one tenth. This policy does not seem to be accepted among the global scientific community, with the exception of anti-vaccination groups.[@b69-dddt-9-1877],[@b70-dddt-9-1877] Thus, the Japanese vaccine policy still has many problems and controversies to be solved.

In the policy-making process, the bureaucrats of the MHLW have a strong power, and they control scholarly committee members who need research funds from the government. Such relationships are not limited to the vaccine field, but are widely prevalent throughout Japanese society. Nevertheless, the Japanese vaccination system needs more reforms so that the decision-making process can be independent, transparent, and scientifically based. For bureaucrats, the risk of developing vaccine-preventable diseases may not outweigh the trouble of health hazards related to vaccination. However, the Japanese should not overlook the benefit of preventing infectious diseases by using vaccines to promote public health. Medical professionals need to engage in educating the general public and the mass media more rigorously.

Clinical study misconduct
-------------------------

Currently, misconduct involving clinical study has become a major social problem in Japanese society.[@b71-dddt-9-1877]--[@b74-dddt-9-1877] Japan had the third largest number of retracted papers due to fraud or suspected fraud in the world. This is the result of analyzing 2,047 retracted biomedical and life-science research articles as of May 2012.[@b75-dddt-9-1877] Surprisingly, it was revealed in June 2012, a Japanese anesthesiologist fabricated clinical studies for almost 2 decades, and accumulated at least 172 fabricated research papers. This could be the world record for papers fabricated by a single author.[@b76-dddt-9-1877]

Under the Pharmaceutical Medical Devices Affairs Law, Good Clinical Practice (GCP) standard is a requirement with strict quality control of data for clinical trials to obtain market approval. However, GCP is not applied for post-marketing, investigator-initiated clinical studies not related to regulatory approval. It is up to the investigator's morals to ensure the quality and validity of the clinical studies in Japan. As mentioned before, pricing of drugs in a same class becomes almost similar under the universal health coverage. This imposes a difficult challenge for the pharmaceutical companies to differentiate their drugs and promote sales in the Japanese market. Under these circumstances, successive clinical study misconduct has emerged.

The antihypertensive drug valsartan (Diovan^®^; Novartis, Basel, Switzerland) made by Novartis created one of the biggest scandals involving a pharmaceutical company in recent decades.[@b71-dddt-9-1877]--[@b74-dddt-9-1877],[@b77-dddt-9-1877] The drug was approved in the year 2000 for use in Japan and is sold globally. It belongs to the class of drugs known as angiotensin II receptor antagonist (ARB). Currently, seven ARBs are sold in Japan, and the market for ARBs is almost JPY 400 billion per year. Although the market is very competitive, the drug became the best-selling drug in 2012 with sales of JPY 100 billion. Since its approval, it has accumulated sales over JPY 1 trillion. After the approval of valsartan, post-marketing large-scale randomized clinical studies played an important role in the success of the drug. Those studies were performed as independent, investigator-initiated clinical studies involving several famous universities with no stated conflict of interest. The researchers investigated the effectiveness of the drug to prevent cardiovascular events in addition to lowering blood pressure, and published the positive results in prestigious medical journals.[@b78-dddt-9-1877]--[@b80-dddt-9-1877] The company boosted the sales by incorporating the so-called evidence-based clinical studies in the marketing materials with the recommendations of professors involved at the Japanese Society of Hypertension. However, statistical concerns were raised in 2012,[@b81-dddt-9-1877] and the trial data came under scrutiny. Third-party investigations revealed that a Novartis employee was responsible for analyzing data, and the company did in fact give research funding to the universities. Furthermore, when they compared the individual patients' raw data with the published data, they found that the analytics had been manipulated in a subgroup of patients to claim a higher effectiveness. This manipulation caused the retraction of several research papers, the resignation of professors, and the arrest of the statistician on suspicion of falsifying clinical data to overstate the drug's efficacy.[@b77-dddt-9-1877],[@b82-dddt-9-1877] However, the detailed truths concerning who had been responsible for the unprecedented scandal are still unknown as of January 2015. This misconduct led to unnecessary defrayment and increased cost of health insurance, but there is no clear punishment against such corrupted actions in the Japanese legal system. Nor was there a lawsuit to seek refunding from the pharmaceutical company, such as a qui tam lawsuit in the US.[@b83-dddt-9-1877]--[@b85-dddt-9-1877]

Novartis Pharma has been involved in other scandals as well. In December 2014, the company failed to report more than 3,000 severe adverse drug reactions of 26 items to the authorities.[@b77-dddt-9-1877] In another clinical trial for a leukemia drug, employees of the company were secretly involved in devising the trial and received patients' data without informed consent.[@b72-dddt-9-1877],[@b74-dddt-9-1877] Such misconduct is not only limited to Novartis, but other pharmaceutical companies also have similar problems.[@b74-dddt-9-1877],[@b86-dddt-9-1877]

In the cases described above, several challenges are worth noting. First, investigations by a university have limitations because they are conducted on a voluntary basis only within their own university. The review board cannot investigate other universities or pharmaceutical companies. Secondly, the investigations for alleged misconduct were sometimes very slow to be initiated, and the allegations were even ignored in some cases. Therefore, an independent third-party public organization like the Office of Research Integrity of the US may be required to investigate misconduct, and to respond with fairness to an allegation. The conventional closed scientific community is now being opened up by an inter-connected world: rigorous post-publication reviews by a wide variety of readers and whistle blowing through twitter and blogs have accelerated misconduct discussions.[@b71-dddt-9-1877] Another important point not to be overlooked is that the mass media sponsored by the pharmaceutical companies are often careful about disclosing alleged misconduct for fear of losing financial support. It should be cautiously questioned about the fairness and validity of drug advertisement in the media.

Traditionally, the Japanese medical community has largely relied on unrestricted funding from pharmaceutical companies. The total amount of the funding from 72 companies was JPY 483 billion and that from the government was only 257 billion in 2012. While the partnerships between industries and academia are necessary considering insufficient public budgets, the establishment of a more transparent system is essential to regain the public's trust. Japanese authorities are planning to introduce stricter regulation enforcement based on the criteria from the International Conference on Harmonization of GCP for a part of investigator-initiated clinical studies. They plan to implement several regulations on post-marketing clinical studies for advertisement, and the use of unapproved or off-label drugs. Some fear these regulations would increase the cost related to clinical studies, and decrease the activity of medical research and development. The concern would be a disadvantage that must be taken into account.

Current challenges
==================

More than 50 years ago, the universal health care system was started to promote the health of the Japanese people. However, in regards to the clinical development of new and emerging pharmaceuticals, Japan has not been successful as symbolized by the drug lag problem, even though it is a country with high economic power, and a public in pursuit of good health. The Japanese pharmaceutical industry is in complete contrast to the Japanese automobile industry. The latter has a strong presence in the global market, while the former does not have much of a presence. The high non-tariff entry barrier has protected the domestic pharmaceutical industry; as a result, they cannot develop international competitiveness. The trade deficit of pharmaceuticals has been increasing rapidly: JPY 1.62 trillion with JPY 1.94 trillion imports and JPY 320 billion exports in 2012.[@b5-dddt-9-1877]

[Table 2](#t2-dddt-9-1877){ref-type="table"} summarizes current challenges, recently adopted strategies by the government, and unsolved problems. Under the impending threat from economic and demographic issues, the government faces new challenges regarding reforming the health care policy, including pushing the development of new pharmaceuticals and medical technologies. Japan's current prime minister is one of the very few top Japanese officials who understand the importance of health and medicine. Not only has he made the universal health coverage an integral part of Japan's foreign policy, as part of his domestic doctrine, he sees health care as one of the key strategies for increasing domestic economic growth.[@b87-dddt-9-1877],[@b88-dddt-9-1877] For example, the world's first clinical application using induced pluripotent stem (iPS) cells just started in 2014.[@b89-dddt-9-1877] The government plans to make a temporary conditional approval at the preliminary phase only for regenerative medicine to ensure earlier access of an emerging innovative treatment. In addition, as a partial exemption of the ban of a mixed medical treatment, the use of unapproved drugs will be admitted in selected hospitals if requested by patients. The Prime Minister's Cabinet has also developed a health and medical care strategy and passed a law establishing the Japan Agency for Medical Research and Development (AMED). This agency will aim to consolidate medical research funding, facilitate innovative research, and support the development of new pharmaceuticals and medical devices, with JPY 140 billion budget in FY 2015.

Considering the significant demographic change with an enormous fiscal burden, there will be no straightforward answer to solve every remaining problem simultaneously. Bringing more deregulation and competition in the pharmaceutical market may work, while a neoliberal policy, which might exacerbate inequality, will not be easily accepted in the Japanese egalitarian medical society. Stakeholders related to pharmaceuticals must keep in mind the fact that the most important goal is to provide the best available treatment to the patients.

Conclusion
==========

The benefit-risk assessment in Japan has focused on averting the health hazards related to pharmaceuticals (Yakugai) rather than developing new treatments rigorously. Such a regulatory system has caused more than several years of the drug lag, while the solution is incompatible with the elimination of Yakugai because the lag potentially reduces the risk of unpredictable adverse events. The Japanese vaccination policy needs improvements so that the decision-making process can be more transparent and scientifically based, and the medical community must change the inappropriate relationship with the industry that gave rise to clinical study misconduct. Some of the problems surrounding pharmaceuticals are the result of centralized drug pricing control under the universal health coverage. Further reforms should be explored to facilitate innovative research and the development of novel therapeutics for patients who need them.
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![Typical drug development pattern in Japan.\
**Notes:** A new drug is typically approved in the United States or the European Union ahead of Japan by several years, a situation called the "drug lag." The delays of clinical trials create launch lags, and the application delays to the regulatory authority create application lags. These delays result in Japanese approval delays. Although the time for regulatory review is improving, the drug lag still remains a problem because of delays in other processes.\
**Abbreviations:** FDA, US Food and Drug Administration; EMA, European Medicines Agency; PMDA, Pharmaceuticals and Medical Devices Agency.](dddt-9-1877Fig1){#f1-dddt-9-1877}

![Drug pricing system in Japan.\
**Notes:** Pricing of drugs is strictly controlled by the central government under the universal health coverage. After market approval, the price of a drug is reduced every 2 years. When a patent expires in approximately 10 years, generic drugs will appear with a price reduction of around 40% compared to the price of the off-patent branded drug. When the pharmaceutical company conducts new drug development requested by the government, the on-patent branded drug will be made available at a premium to maintain the price in line with the newly introduced policy in 2010.](dddt-9-1877Fig2){#f2-dddt-9-1877}

###### 

Major health hazards related to pharmaceuticals and administrative reforms in Japan

  Year   Events
  ------ ---------------------------------------------------------------------------------------------------
  1962   Withdrawal of thalidomide, which caused around 1,000 birth defects
  1970   Withdrawal of clioquinol, which caused around 10,000 patients to develop SMON
  1979   Establishment of the fund for relief for patients suffering from adverse drug reactions
  1983   Tainted blood products caused HIV infection in nearly 2,000 hemophiliac patients
  1987   Reorganization in the fund for adverse drug reaction relief and R&D promotion
  1987   Tainted blood products caused HCV infection in more than 10,000 patients
  1993   Suspension of MMR vaccine program, which caused nearly 2,000 aseptic meningitis sufferers
  1994   Withdrawal of sorivudine, because of interaction with 5-FU, which caused the death of 18 patients
  1994   Reorganization of the Organization for Pharmaceutical Safety and Research
  1997   Establishment of Pharmaceuticals and Medical Devices Evaluation Center
  2002   Interstitial pneumonia associated with gefitinib resulted in a class-action lawsuit
  2004   Establishment of the PMDA
  2013   Suspension of HPV vaccination after the controversy about CRPS being associated with vaccination

**Abbreviations:** SMON, subacute myelo-optico-neuropathy; HIV, human immunodeficiency virus; R&D, research and development; HCV, hepatitis C virus; MMR, measles-mumps-rubella; 5-FU, 5-fluorouracil; PMDA, Pharmaceuticals and Medical Devices Agency; HPV, human papillomavirus; CRPS, complex regional pain syndrome.

###### 

Current challenges related to the benefit-risk assessment for pharmaceuticals in Japan

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Challenges                                                          Recently adopted strategies by the government                                                                 Unsolved problems
  ------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------
  Health hazards related to pharmaceuticals ("Yakugai" in Japanese)   • I ncreasing staff for safety monitoring at the PMDA\                                                        • Possible increase of the health hazards risk caused by the reduction of the drug lag\
                                                                      • Reinforcement of risk communication and management                                                          • Conservative risk assessment to avoid risks as far as possible

  Drug lag                                                            • Increasing staff for regulatory review at the PMDA\                                                         • Propriety of a mandatory demand for Japanese patients data in clinical trials\
                                                                      • Promotion of global clinical trials\                                                                        • Delayed launch of domestic clinical trials\
                                                                      • Decreasing regulatory review time\                                                                          • Delayed submission of new drug applications\
                                                                      • Accelerated conditional approval (only for regenerative medicine)\                                          • Early access to novel pharmaceuticals especially for patients with life-threatening diseases\
                                                                      • Early access to unapproved drugs (only in selected hospitals)\                                              • Limited competition through uniform drug pricing under the universal health coverage\
                                                                      • Establishment of the Japan AMED                                                                             • Prohibition of a mixed medical treatment in the public insurance

  Vaccination policy                                                  • Increased number of vaccine coverage in the routine immunization program                                    • Vaccine lag\
                                                                                                                                                                                    • Effective provision of vaccination for unimmunized persons\
                                                                                                                                                                                    • More transparent, scientifically based policy-making process

  Clinical study misconduct                                           • Strict regulation implementation for post-marketing clinical study including long-term data preservation\   • Effective, prompt, and fair investigation against misconduct allegations\
                                                                      • Increased transparency concerning conflict of interest                                                      • Financial recovery against unnecessary defrayment\
                                                                                                                                                                                    • Overreliance on funding from pharmaceutical companies\
                                                                                                                                                                                    • Stagnation of study activities due to excessive regulation
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** PMDA, Pharmaceutical and Medical Devices Agency; AMED, Japan Agency for Medical Research and Development.
